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(IDA) I 

pMUMlMS hsvs tacn f JbflCAled by s I 
and applied to cycUc voSammotHc and cfren o B wporoi nrti i e 
meatimmMto of fevortlMd rodox opodet* colecion 
offklOAcy l9 dependent on the averafio dStution lengtti of 
WJA + gap, wtiero M^. is ttie band efedrode wtdth fefi tlio 
IDA. The number of redox cydee rapidly bicreases by de- 
ereastng W^A -I- gap and Is doaely relaled lo coHedlon 
•ffieleiiey* The dHleronce In tpecles dVf oslon conslani had 
DllloefloplOfilhoeolMtaalSeleney andiedoveyc^ Hie 
NQh redox eycflng and ooneeDon efftdeney of the lDA*a al- 
lowed efectrochemtoal measuramenfs lo be Mflhiy eensiUve 
(10 nmol/<ln|*K wRh a Mgfi plgnal to noto ratio and a vMm 
dynamic range (10 nmol/dvn' to 1 mmol/drh*). Chronoam- 
porometrie meatwremenl lias been poff ormed In a four-eleo> 
trode conflguralloit whete alep potential was appBad to ttia 
gsineralpr elsctr o d e and oonslani potential was mplied to ths 
o q O s ct or al a ct rodo In the WK The gonsrator ouneM leadied 
ateadr state wlOiln a hundred mUDsecandt and the eoUeclor 
current was noi affected by d^ri^. WRh the IDA, fatt 
sweep qfclic vol^ammetry wRh no obsenrabio Ghari^big w- 
rent .has bean also dsmonatrpted. 



Microelectrodea are of interest for several roaoone euolt 
jBmall tR.drop» fast eetflhfahmput of steady-fltata toass trai»fer» 
and small capacitive duirging cunents. A jm^^j^ mi*^ 
cToelectiodes have bean c(mstmct«d <^ sf»dBad^^^^ ^-"^ 
perimentally and HieoretieaUy (7->S0- Possibfeiql^iieanoiis 
iacludo fast c^ydso voKattneliy •Uefarodkamical OMa* 
aurementa in vivo or In low eonduetive media (^7(Q, and 
chemical aensiiig (11-14. Micro fabrication techniques can 
be applied to produce a varietiy of sizes and/or shapes of 
nucroelectrodes compared to. ^ ooavezxtional fabrication 
tedniques of mviltne fiflrhon or metal fibeis in a dasa capOlazy 
tube or sealing metal fdl between two ^lass plates (15). It 
also allows microelectrodes of the same site and of any shape 
to be produced without difEculty, lithogzsphicallyfabtioatBd 
nicftoelectitideB have attracted modi attention as iozft-selec^ 
field effect Iranslstcvs (11, 16) of eleetrodbemicfll diodes and 
transistors {17-2^. 

Lkterdfgitated array (IDA) electrodes sie particularly in- 
terestiiig, because thdrgeoowtrkdifimnceef^iBcoittveii^ ' 
tional electrodes result in spedGc dectrocfaemical' behavior 

NonplanardifiAisioQtoeadimicTObaiiddectoodei^ 
gives rise to quasi-ateady-state currents for moderate sweep 
rates with a reversible redox couple. The species generated 
at. one hand electrode may.be coQected at a4}acent band 
dedrodas when the potential is set to a levd at whidi a r^^ 
reactioacanodcor. This type of exp^rimoit has been carried 
. bat with rotating dtog-disk electrodes (RRDE) and paired 
jnf croband dectrodes with a small gap (216, 27). CoUectKm 
effidenigr can be defnied as the ratio of currents at the gen* 
eiator and coUectoir dectrodes. An important feature cf IDA 
compared to RRDE is that the coHected apedes wiD be 
electedyzed at the cdlector electrodes and then dififuae back 



to the generator electrodes (25). This redox cyding or 
*'feedbadcef&ct" (2$) makes the carmda of both llw gevMsater 
and cdlector electrodes larger. 

Another feature is that the collector ehctxodes are hddTlit 
a constant potentiaL This allows us to measure f|>rjfyj[^if 
cunrents without charging currents caused by poitential diai|igei 
The fast sweep cyclic vohsmmogram is not distorted hy the 
increased chargixig current The cdlector electrode cunrents 
directly reved the d]f{\isio& characteristics between the j 
erator and collector dectrodes (28, 29). 

Aoki and we discussed revcraible difivdon-contrdlod ems 
renta of redox soluble spedes at IDA dectrod^ under 
steady-state conditions {30). In this paper, the rdatumdn^ 
between the geometric configuratacHi and the dectrodwmiGd. 
chaiactu^tion of IDA^ particularly coUectioa effideDcy and: 
redcKcydes are described. Hi^redoxcydhigandeollectioa* 
eCSdency of IDAV allow deetrodisniicd neasuremenifs.td he . 
highly sendtive, with a signal to noise ra^oftii^aLwide 
dynamic range. We also demozistrate£ast sweep i^^ri^ispoi;!. 
tanunetry withouta chsTging cmrrent.hy urigi^p^y^^^' - ;/ 1 

BOTERiaiKNTAL SBcin^ 
EleelMdea.. Ihterdigitaisd aiT^.(n>A)dS^c$|i^ 
bricsbsd oa thannalty inddiEed spkxB:i'Wafat&, Fls^Doim^^^ 
wereibraMd sputter depoBitaon andjthe .C^^ojGttecliailcpie- M - 
described clse^diere (30, ^1^ The submimmdcir- IDA'deetrodes ; 
were r«UricBted vfith a comfainatifm of elMMn beoniLBilifleniil^ . 
and photdithognphy. The platinum pad and the lead pattein 
wercfbnned by photofithognplur and ^ItftoffHiedii^^ Tlbcp 
a PMMA/^MAC (Daikin Manu£scturing Oil, Osaka) bi^yar 
dectron beam positive reatst was ^pin coated on to the wafem 
exposed with EL3-5000 (ESiooiis, JapaiO dectm heam 
and developed. Both wafers with oiicromeler and sUbmicrometBr. 
patterns were then spfai-coeted with spin-OD-d^ {QCD IVpe-t, 
TokyaOhkaCo.), aDdbekedat4^ ^CfsrSDmin. The find 
thidmees of the spin-oi^glass was 800 am. An MP1400^27 
(Shipley) positive pbotoreaist pattern was fonned on the arafer 
and .us«d aft an nt/^in^ rrvAftk. The BiliocHi diozuie fifan made firom 
the spio-on-glass was etched by DEM-451 reactive ion etduag 
equqmieiit {ANELVA» Tokyo) wiOi tetailuorom^bane lutil the 
surfiaces of thelDA dectrode and pad w«e exposed. Thepbo- 
totesistrenminiiv after etching was removed ia the metiud ethyl 
ketone solution. 

Bach IDA oeU was cut to a 1 X 2 cm rectangle and mounted 
on acustom-^made connector to attach it to the eieditKhemical 
apparatus. The auxiliaiy dectrode was a platinum wircL Ute 
reference dectrode was an Ag/AffCS dectrode. 

The IDA used consists dtwo aeries of inteniigitafeed ndcfoband 
dectrpdes, whose yetmeliic pgrme^towi m ipTTft^r^^rw^ j^^ T>ri^ 

L' F^^ure 1 shows an SEM photograph of an IDA with a 
bandwidth and a 2*fmi g^p. . . 

Apparatus and Reagents. Electrochemjcal measuzwients 
were pofemed ^th a dud potentioetat» DPGS-3 (NOdco Knaofai, 
Atsugi, Japan) and HECS990 (Fuse, Japan), a digital memoiy 
.cGdaoGooiM^Modd4094B (Ntoolet. Madison. WI), and a uumad 
pulse pmgnunmer, Modd 176 (Princeton Applied Reseaidi, 
Prinoe^n, NJ). 

The reagents were fer^>cen^ (ferrooenyfanethyDtiimBaQrlh 
anunonium bromide (aq-fetrooend. potasdum ferroQranida. lu^ 
thenhini hesaamine. tetrabutylammoniam tetr«fhK«obo»tta» 
potaasium nrtrate» and aoetomtrile and weie u^ ea 
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coIlectiaD efficiency/ % 






gap/Mm 


leogtii/znm 




•q-ferrocem 


fanoccne 


feixocyanidi 


Ru(NHi)» 


8J> 
lOO 

2M 


0,75 
1.0 
1.5 
2.0 
2.0 
2J0 
6.0 
5.0 
&0 


1 
1 
1 
2 
2 
2 
2 
2 
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135* 
100 
100 
50 
50 
25 
60 
60 
26 


100 

100 
99.3 
96.2 
93.6 
94.6 
92.B 
900 


99.1 
98.7 
98.5 

98.0 . 
96.1 
93.7 
94.2 
9S.6 
901 


98L5 
98J 
97.9 
98.3 
96.7 
93.0 
94.7 
91.5 
89.8 


98.9 
98.1 
97.8 
95.9. 
95.4 
96.0 
912 
9LB 
91.9 
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Species 

coocSr luppoftiQs difiuBiaii 

niiiol/din" ilBdnilrte aolvent coBfltant, enVt 

to Ba^IBF4 C%CN 2.4Xl0r« 

W KNOb 1^0 e.lxiOr> 

10 xa H,o o4xir* 

.10 mOt HjO 7JLX10r« 



* CFg»oc«^^B>tthy|)trhngthylainmonSMwt bromide. 



wftt si%sn dhnddi 



wtihsfBcoMdtoKlde 




Leadline teadUM. 

Rgm1« S^pholographof paitof Plbandpattwnof IDA. Ttia 
S^m j«r|dlK fl-#»m e«p. 2 mm long IDA oontcKna SQ borxfo on oooh 
ttdas. Ttib|*m war takao before the spfrMiK^co^ After 
5ir>«v*8eoMlF«antfrtcW^te|^ 



Tlie mloK 4pcdes vsed aiB tumniemed in 
pereinelan. 

. P»oeed»Pfc Eiectiocheraical meamirementa were carried oui 
n 1 Inmol/dm' femceDe aoeUmitrile aoltition or 1 nunol/dBi* 
n^liMiIum hftaamine ^ aq^emoe&e, orpotaniiiaifeRMawidt 

MII»0llBt0hltUII»]NII^ 

(qpeB-ciTcutt mode, one 

^Mozmected) or foor^ectvode (generaUon-coUeetkHii oodo) 
configimtkm. Thex89i8taix»betweeBlDA (gapb2 »0i9am 
than 100 MO ^ about 7 Mfl at diy and wet Op I^|0) MA, 

, tmpiaAMfy. in nieesiiria^ fbe cyc& vdtanixiK)!^ 
•f^ftroom and potasahim fmoqyanid^ tbo potMitiil of tbo 

• foOicfi>rdedttdeimhdd«t-aiV,aDdti^ 

, «»B«^betMmiHlland€i7V.ataaaMs>ntoof l(K00mV/i^ 
fa the xsaac cf rothenium hCTaamfno, the conector was bdd it 0 
y.^tbegfOKimtolrwaf sweptbetmeii0aiid-4L7y. bcadar 

; Uypbtmn ateady-etatB Bmitfny «irw>wrtfc l» rtwi *yyH<r^**^, 

; itwaa becesiary to decreate the sweep rate. beW 
mV/ofor femcene and otiier redox apedes. ittpecti?e|K. 
' ** br flie geaeratipn-et^ction dtfonoenperometxy of the te^ 
iMne eohrtlon, tiw potential of the generator eleelrode wee 
l^^''^ ^ ^ ^ ^» ^ coB^etor ekctnde was 

faM aiH>J V/Tbepotentia] stop ctmo^^ 
electrodes were itrnd in t d^lal memory osdD(»09^ 
tcorded with a two^ X-Y recorder. 

The fait aweip rate voltannnetiy of ftooeene WBi carried 
out wfOi a d-Miii width, 2 /UD gap EDA electrode Tlie potential 
of the generator was swept from H).3 to 0.76 V with rate of 10 



V/sandthatoftheGQllectarbeldatHllV. Hie currento ware 
stored hi a digital memory osdUoteope and then recorded with 
a two-pen X-Y recorder. 

RESULTS AND DISCUSSION 
IDA Fabrieatioii, The lithogr^hie proceaaing of IDA'a 
IB afanost the sanie as previously described cxcqit for tha use 
of akctvon beam lithography Ibr fabricating the sutumcroiD* 
etolDAandapm-on-^ass as an insulating layer, Intheeadier 
work (30)» a hard*bal^ photoresist was used as an insulator 
mA failed occRBumalhr when noeaqueouB solw&ts w«r« used. 
It was not sufficiently hard to resist ficratcbing. The use of 
sputter-deposited sHioon dioxids improved the reliability of 
the iiiBulatctf [SI), alihou^ Ois lengthened the insulator 
forming process. 

He spin-on-|:lass conmsta mainly of aqueous sOicate solu* 
tion and can be spin-coated en a wato IXkt a photbi^sist 
coating. Hl^ temperature baldqg (4d0 *Q makes it cross-fink 
and convert into silicon diosido AhhoQ^ the spin-on-glaaB 
instiUtor Is infeiiin^ to the sfmtter^podted (me in hardness, 
it baa sufScient quality as an iDsulator. It also baa the ad- 
vantage of proidding smooth and uniform fObi. wiudi i 
the step coverage of the Pt elee&odes at tliwr e^gea.' 
; ColleetMm ECCieienciss of IDA^a with Diffarant Geo- 
notrie Parameters. The ftnodk and caihodic cuzruite of 
feiTOceiie. ^forocene. and potassium ferrocyanide at IDA 
electrodes are ateady state* in vdiich the potential tke 
cathode (coDeetor electrode) was bald at-Oa Vand the anode 

(generator dectrode) was swept betwe«i -0.1 and 07 Vat 10 
raV/a, 

Shnilai steady-state curves were obtained for ruthenium 
hexaamine, in which ttie potential of tiie collector electrode 
was held tt 0 Vvs Ag/AgQ and the generator electrode was 
swept between 0 and -KL7V. Tliese results are ansdc^ous to 
those obtained by routing ring-disk measuxement^ but this 
steady^te conditian was estabBshed only fay mass transfer 
Iheins«piiitudeof the limithig currents at thttia IDA ele^^ 
is increased by decressbg the bandwidth and gap hi flie ID A 
and coireqxmdi to the theoretical value (50). llie cdlection 
efiBcsemgrin thelDA, ^diich can be calcqlated htm the ratio 
.between, the generator and tiie collector currents, s increased 
by decreasing the electrode s»e and ^proachcsumty. Table 
I also shows the collection efficiency of the EDA with various 
geometric parameters. Bard et aL (27) rejiorted that the 
cqllectiori efficiency of a generator with two collector band 
etectebdes (three microband dectrode configujcstlon) was* 
strongly dependent on the gap, and was e^^ressed as the 

foOowing eqM>«« when the generator and collector ele^^ 
are the same site: 

» 0,095 + 0.38 log ir^-OJBS Opg ^^^^ (i) 

*W = 4Z)t/gapa 

where is the collection efficiency and tie the time. The 
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2 3 4 5 6 

Gap/^m 

t^J^I \ JiS^'J'^:^ ^^fmocBno; (-H ferrocene; (— ) W 
eyanne; (--) ruUienlum hexaamfna. 
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in tbe IDA did not change for difRereat ledu spedes Mte 
?t^^^ >^ Ip^^oaVs) and other redoK spedei (D - (6-7.1) 

nf€«*«>d electrode. «i|h the «i»I^p, indiSng SatS 
wlu^difluae back into Ihe bulk eohition. 

JWfrrf)ed m the hte8«*i«i. t^ good pwpoiti^^ 

8qua» wot of the half-height tCTZttl^JKS 
. ta«BHmtcttm«ntisat60a of ItaHttitiBgcurreSaSnSKl 
r^gap was obtained. This aho^ that tS-^TE SJcSw 
be. yaed to represent the aveiag* tfS^ 
penejatoi and collector ekctiodes. »*i--*a th« 

gttcmasatoctiMof aveagedia^on IbmA 

It>l«wssed by decreasing the average Si 
the.awage error is smaU (about +l^ZeFWM?« 




coRector electrode: (a) generator eteirn^ikJSri?!^^^..^ 

*t« from which to evaluate Uu geometor dependence of the 
collection ef&dency at the IDA electrodee. « «• 

^!5^»i5fJ*'™^ ^« reaarkaUe feature o^lDA 
oompi«d to RKM fa it. kiah .«dox cycling mdkj&e 
correntsof both the generator and coBector electtodea btga.' 
1 he steadj^state waves of ferrocene with redox n^faig 

m Figure 41^ whan the coUeclnreledWKiBfanotpotentibrta^ 
(qpen^ucult ntode). Akwer smee ibte of ksa than 6 niV/s > 
ptoduoBB a pseiido^teady^tate wAv, whoia magnitude 
•no* W than thoai pwdfteed .when vib^T^^ ' 

iJttt'!^T^ ".,**^T«*vWi^ 

coDwbon efaeieacyvaluee. Whaithe cdkidtioh ofBdeb^ - 
the genaator to collector electrbdeis ^imd tihat wiftS ' 
the geto«ratpr and teDectof eliBitioattai6T&k^%9ri&'- ''' 
number of ferrocene molecules whi«ii. diB«BeTMick~ta the " 
generator electrode after reducihg fit the collector electnde 

can be expressed as where J\r is the nntabei of fanocei- 
molecules oxidized per unit Uine at the gene^tor eleetnd*.' - 
S<^ the number of farrocene molecules thrt Hiffti— fntft ^bh 
bidk eohitioo pet cyde b ^n,*,, Om oam&«rlf 
ledoiQrdesdUOisexptessedby '^«»"«««eros . 



Be » N/m = 1/ft - 4^*^ 



fa tlu. e^rimwit, and hew. the saae vahie hmea^ 
flto sixe of tto ganaratorandeollectot dectiodee is the sane. 
•na^ method is osefiil to evaluate tiie redox cnrdes of IDA 
Hororav the accuracy of the calculated redox <7dea h ea^ 

oned liy the ezperimentd errats of the collection effideney 
Paxticulariy, the calculated redox cycles are much scattered 
because the slight error in the oolleetion ^eiency was en- 
danced by *<1 «. wh«n tb* Mikirtifm t^mOmtv »t tiiA TOA m 
neat unity. . 

We awumed^die average number of redoiiydesftoB the 
tato of the l^tmgconttit 6f thegenatation-^^ 
(g to that of the qpei«iicBitiBtod»(y and axnpared ^ 
tboeeeakolatedftoueqS. Figuiefishmntheredoat^ydes 
«bte»»d frein y<, eempoed with thoee «bt»Md &o»^i 
Altb««h 1^1, » not Oe aetoal number <rf redox eydea. it fa 
d«idy teUtwi with the nuinber calculated from eq 2, when 
?r^.''yi"''*^""*«**"^^5wn. -^kingintoaewuiit 
the yt^ahows the good rffnoducihS%, the dttfeRiice faetiMii 
Re calculated redo. eydee and^^n^ U^SSdSS 
S«i*!»,^^*«»«»«»«>Wteeult8. These iwultainSS 
that yi^vahJMcouM.ba substituted forth* values ftenaa- 
2 to «val«afce the actual number of redox t^des. 
- Figan 6sbows tfao average numbers of redos CL/i) 

length. Tl«iHm*erof,edo.<ycles««ridfS«BrS 
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FlguraS. RatborthaofifMratvabctrodeeurremortorroowieln 
Ben6rattorv-:Ool»cllon mode to lhal In open circuit mode {Ul^ eom- 
fMTod with rodcx cyctea calculalwJ with es 2. TTie goneratora man- 
tlored In thb •xperimarrt are 25 (bandwidth, 10 ^ 50 OmdwIdVi. 
5 and 100 (bandwhWu lass lhan 13 mY ^iULi ATnadS 
cyclas by eq 2. ^ 




niFv«e. VaifadmcrftharmtaqFitaas«lunaloaoflha«va«m 
. «frusioh langm. Redox ofdaaara tie mfio of ganafatbrctsrant^ffflh 
ttwoofiector ateiroda 0|m 
Qjenwator etodroda on. 

decreasing the average diERaion length ATiii taachfta iww» ¥y%p^ 
4Q in tlie stnaDer EDA, which has a 0.75-/Mn bandwidth and 
gap. No dear difFeienca in the number of redoci cyclea can 
iw obeerved between the redox q>ede&. 
On tlie Oliver iiand, the nmnber of redoec cydes in the three 



ia muchanaller than that at an IDA electrode with Hie eame 
£B|i. Tlieie differences in the number of redox eydes are 
caused fay the following reasons. In the case of the three 
mieroband electrode, the generator electrode is located be- 
tween two adjacent collectcNr ekctzode^ whereas eadi a^bc^ 
deetiode has only one aiSaoeut generator electrode. Some 
Oictive ^>ede8 reduced by tiie coQeetor electrode could diffiise 
ii^ the bulk BoJution fnm ttie electrode edge, fartheet fion 
- ^ generator electrode. 

- In the case of ^e IDA electrode, the collection eliicdenqr 

• is ahno^eama^ when the generator and the coOeclareleetxodea 
' mreveraed. The redox species nay oseape in the bn^ 

lution vertically or escqw at the ed^ of the IDA ebdxode. 
j.Concentmtion Denendenee of Steady-State Cnnenta. 

* Smp^ the vottazmnograms of the IDA electrode ahow a rela- 
tfo^ high oirtent density due to tbe.hi^ red(a ^dea, the 
Ml Bitivi ty of the IDA was studied fay ^an gf rf the conoen* 

• traikm of ferrocene. 

Figure Tahowa the conceDtration dependence of the catb> 
odic and anodic limiting current of fenrocene at an IDA 
electrode, whose bandwidth and gap are 8 and 2 ^» re» 
opectively. The anodic generator and catbodie coUeetoT 
currents were proportional to the concentration of fenttcene 
fnm 100 mnd/dm' to 1 mmd/dm' at a sweep rate of 10 
n V/s. However, the quantitative generator anodic current 
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W 10* 
CaaoMMta/moidm 

C<meamrBiienil^>eralwig««ftiecaiiwdtoandmedtolb^ 
Iflrig ciMTBrts ot tooxx^fw at on IDA wtth wWth and 2-um gap. 
Tt»e solvent Is acetonlMte contaMns 10 rmMaf to 1 itmciMnf 
nirooene and 0.1 mol/dmP tstroettvlannmonlum Mafluoroborate. 
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Rgiae 8. ChronoarnperomBlrlcoanent-^mo curve (—) far polantlal 
stepttddatidnof 1mnKil/drn>leiroceneki0.1 inol/ckii> tetrebutyl. 
anrmnhimteealMorobQnieaoetorMa . 
gap mA etoctrode wiih 50 Of peneralor and ooMw 
( — ^)rBpreeents tie OTOfil of OieoolecteroieeMe whose polamtoi 
bheWat-O.I V. The dashed Ihe riwws an opaii^irajtt nwd» cur^ 
rent-ilme curve of ihe generator wfthoia potsnttatedfr^lbe coleotor 
eleclrode fti IDA 

cannot be measured at a hitler sweep rate and at aconGexi** ^ 
twlion of leas than lODnmol/dm'due to the3«d«^.jio;^^^^ 
aignal to noise (S/N) ratio of the feradaic current toTl^^ 
charging current On the other hand, the cathodic current 
was proportional to the conco&tration of ferrocene from IQ 
nmd/dm> to 1 nunol/ dm' due to ^ aheence of the chanins 
cunentf 

Recently, on conjunctaon with AoU we (dC9 proposed 
iteady-atate equations for redox spedcs at an IDA electrode 
and proved that the limiting cnment inerMWMA hy *>*TT f aHtTiy 
the gap and bandwidth. Vritammogrema of eieetroaetive 
spedee with a lower concentration miQr W xeaUaed fay uaixir 
anIDAwithaimaUergdpandbandwiddi. lUsanowrndflr 
investigation. 

^rQaoanpmaietry of IDA. Cinrentrtime curves re- 
auHang from potential steps for IDA*8 iftlieirocene acetonitrfle 
Bohition were sebjeeted to a detailed quantitative comparison 
with microband dectrodes (a^nS^ and three microbtod 
electrodes (26). Hgure 8 shows typicd current-tfane cnrvea 
from tile genwator (— > and the coOector ( — ) of a 3-iim 
bandwidth, 2.fim gi^ IDA elscti!^ The dadieii fine in 
l^gure 6 shows an open-drcoit mode current-tinie curve dlt 
a generator with an unpotentiostated coDeOor dectrode i» 
an EDA. The generator current of the getteatiwr^lfection 
nxAreadiesstBaily^tote within ahunAediniDiB 
steady^tate responee can be In^roved to 10 ms, when auS 
micrometer IDA ded»ode$ are used. The dectrodiemi^ 
response of the previously reported IDA electrode is not so 
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9. ChronMnrperomeirio amnt-ttne cum for potential ste 
CMdteOon of 1 mmor/drn^ ferrocene h ai riKil/dnf totrabu^terrnioiili^ 
tetraffaofobofate aoetonttrfle solution at a 3-^ wUth, 2^ gap H3A 
atocfrodK (— ) repmsants Iho generator current h generator-coUector 
nr»oe,h*)r»presefibthg opcfKirajtt mode cufreot TYieeectmento 

are nomtaSzed by tfvkflrrg the number of bands. ( 1 and (— .) 

ryrwfwu n tfNxneUcal cgrreni calcukiM from ihe AokM>pen eque. 
tons, and the Cottrafl aquation, respecttvaly. 

lapid, because the bandwidth and gap are 50 (25). 
However, like the fast voltammogTam of an ultramicioeleo- 
trode, ow teaidU a Bubmicpometcr aize 
that a sznaU IDA electrode can bo appUed to measure the 

•iwitrooliwaiuwl property «£ oWt Hfl^tun* Bp*<W OUi« 

remaikaUe characteristics of the IDA are that the cunent- 
time curve at the coUckitor electrode conaists of only faradaie 
current and is not affected by large noisy charging current 
The transient region uotfl the collection current becomes 
steady state reflected the redox apecies diffusion and the 
concentration gradient establishment. 

The square root of the halfVhei^ time when the collectior 
transient current is at 50% of its limiting current fa priaw 
tKmal to the ave^ length 0IV4-> gap), and Cboss 

plots fit wen with the theoretical Ime of d « (irDf )V» 

Aoki etaL (32,330 daived tha th«)retical chronoaniero. 
metric response at a miodiand electrode as a function of the 
dimensionlcse cleclro?y8b thnc given by 

e^Dt/w^ (8) 
where t is the time in seconds and b the electrode width 
m centunetera. His dironoampenmietiie curve b e^ressed 

(irfl)-*/» + 0.97 - LIO expI-9.90/ln (ia87^)J (4) 

^*Zf^}^.^ < 3.76 X 10» 8 for fetioeuMw ^auai V. i» 8 ,anX 
whro 6 a the liagtb of the infcwbaad eleol^ 
and C* have thefr usual mftanlngs. 

Coen rt aL <3rf) derived the £Dnowiiig ezpneaion far^ 
qoasi-eteadyrtate coirtntB at a microband electrode: 
lAbnFDC*) B 6m/bi (49) - 6.791/(ln (45))* (6) 

• > ^-fi > W ™ fcr fcmoeae in 10 
l™i>MWwidtl?)and8hoTOB|iiirorimBteb^ 
lcag«rtto»regioa8a»eq4: figure 9 shows chnmoannwo- 
metric curtenMhne curves of both the generaloi-coJlectot 
^~>^f^oP^*-*^«^ (~) mode for d-ion baod^tii. 2^ 
gap IDA IK In compaiison with the AoU-Coen equalian (-- i 
and tteCotteen equation (...). The cuneatein the BOA"! 
are dividi^ by the number of b£.^d^ normalizing in sinde 
mcioband currontB. The cutreot in the open^ircuit tno^ 
^ojTO a bgbw value thtt Ihe CottreDlan. hKl^^ 

^t! '^^^^'^ *^ Aold-Coen eqw^ 
oBMnsewtheBhieWnig effect (2©. The current 

«B«or«ned»r mode show aJargervahH thaa^AoB-OMoi 
equatioT, due to redw cjcHBTwhen nS^t^S^ 

<«»,theopBiW!frctfHnodecHrteatbocoineilBigerbecta^ . 
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6/ V va see CO 

mrt/c»ii»WrBb«tylanrinxinlifnWiariuorofc^ '•^ 
of the collector erecirode urhose polentbff k held at -0.1 V. 

a amalla shielding ^ec^ Irat the generaiOT-wiiactlon mmto 
current becomes smaller because of leas redox cycling. 
^Fast Sweep QycUc Voltammetry. Impbrtant features' 

which allows the erploration of extremely short electxolyau . : 
tamoc luid foot Imiotio pWbmoiift. Oa «k» otW luuid* th* " 
dout^ Jayer chaigmg cuirait increaaes iimlf ivilii the swseb' 
rate, whereas the fkradaic current incnasea witli tiito mST:; 
jroot of the swe^ rate at tb^ high aean raft^ .Tlierafbrn^ tlm 
signal hecomes obscure in large char^ curxAnt w^' the 
sweep rate becomes faster. Although comimter di^^ sub.:. • 

traction between sampb and blank aoluiions hnprovea thb 
problem C5), the essmtial low aignal-to-nobe ratio, signal 
duteticmlvtheclmikdrop,aiideq?eri^ . 
and background still remain. 
The collector current in the IDA.b not afifected by the 

charging current because the potoitial of the collector b held 
constant Therefore. Ae no-charging' cOirteg^^ 

cycUc voltammogram b «pecte£^ ^^1^ ' 
yoltammeby hi the generationrxdlection modo for fenocene 
ina3->unwidth.2*;imgaipn)A. The sweep rata wss 10 V/s^ 
so that the voltammogram of the generator develops current 
peaks meaning that the radbl diffiisum prame dimension » 
approaching that of the electrode. On the other hand, the 
vohammogram of the coDeclor maintdned a steady-state 
response^ 

. Thb effect was described 20 years ago in coomectioai with 
thin-layer electrodiembtzy, but with no regard to lEAV 

Hystereab b caused fay the deby betweoi the generatloa arid 
ooilectfottof redox species. Ibepotaitblofthegaieratorwgi 
be dianged when tibe generated ^edes difiuse and nach to 
thecoUeclor. Hie differeiwe between cathodie and anodic 
waves in the cdlectorvoltamaogramb about aO mV Tb» 
sweep te b 10 V/a; therefore the diffisrance of 80 m V corw 

mpttids Co B ffis, whidi fa dose to the tfaeoi«tioal tfane in 
midi the redox speeias cnsses the gap. 
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Mediated, Anaerobic Voltammetry of Sulfite Oxidase 

A; .Gouty, B. N. 01lv«r»< J. O. Egekese^^ a S. So9Bofir, J. C. Bramfleld. R P. Buck, axA R. W. Monmy* 

V^no6/e and Kenan Laboratoriea of Otemia^, Umvarsity 0/ Abfth Caroluio at Chapel HiO, Chapel Hiil, 
NdrOi Carolina 276S9-3290 



^ imaerMc voftafftmelry «r Iho 9lo/Fe omynm, 
oaddwo (SO), I9 ffesorlbed for Hw in«4lator8 qr l o clm oi w 
Iho(MHa)ar*'»^t TIIPD*« and lCo{bpy) J**'**. Th90fy do- 
ihrydior 9t8ady-9late voB a mmtW o c«t9^te cowtctty prodlcU 
^^^^^^g^-obfrvd conoenbaUon ml scan-rate dependenclM off 

llMOffea may ba afipnad 80 two ealalylle reecSona coupM to 

Thai 



rata conatanl for the reaction of [CoCbpy) wRii radueed 
Sq l9 GtfteiMad and daternibiad to ba approximdaly S X 1^ 
L-nwT^*. The appearanoa of caiaiytte prepaate al Iomt 
aiMa ooneanlrallons l8 rtoled and lha diape of coiraepoMing 
//IcurveatromeiironoamparomalryUexmilnad. Ihmi 
lyilealinpScatlonaof the novel Hma dependenoa of flia 1 
alyllo 'Gturenl laidar ttiaaa ' 



INTBODUCnON 
fiicxeaaiBg istereet in electfochezoical seoaors capibfe of 
icalMiva raponse to q;>eciea of aan^ytieal importanoa haa 
motivated evaluation of various enq^me aystems aa sensor 
oempoDenls Perhaps the niost widely stu&d 
fortbisappficatianazathemidaseeniyineaC^ Underaerobic 
oenditioim, many ^ddaae emyme-baMd aanaore eaek to am- 
pidometzicaQy Bionitiir hydf^^ 
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yadnetinin nf diiJiay|g*m Airing Aft angygMttfe rftagHnai aft<|iift|yi^^ 

Recent^, fanocane derivativei have been exftkmd as 
synthetic electron acoeptons for soma ozidaae aniTSiea under 
anaerobic oondftioTw (5-7)> Ekdzon transfer mediatoia often 
ofTer the advantage of driving enayme turnover 1^ ^ 
potentials than would .othardg^^^^^^idis^s 
peroxide ware the spades to be n^t&S^ei£ 3GSxa^ 
Decreased operating potentiala may increase selecti'^ty by 
eHminatIng contributicns to the measured response from other 
^>ede8 undergdng redox reactions at mote extreme potentials. 
Li additioxu mediatoro aUow ei^rimente under anaerobic 
conditions^ drcomventing problazna ariaiiig from direct 
(nonena^raatk) osidatum of lbs enqrnatie substnte by 
diasdved oxygaa. 

The enayma adifite oxidaga [BC L&2a] ba9 previoualy.beeai 
incorporated into nemfaraneaandusad in CiaArtypa coygen 
dectrode based 'sensors (S,$). Thm areaeveial disadvantages 
ofthapreviotisqiproa^ea. Bifiadartooxidhe enQnnalicaUy 
ganen^ed peroxide at an appracisUa rate, it is necessary to 
polarize the woddng dectiode at highly poiitive potentials, 
where sulfite may itself be o x i di sed d^ectlly. Q:ddattoo of 
sulfite can lead to paasivation of aolid ekictrode aui&cas« 
Uzniting thair osaftd lifetixae (Id). 

For sulfite sensOT worlc» it is oomnum to stabile 
Bulfita solutions fhnu wr oxidatioi by addteg formaldel)yde* 
org^lyoerd as stabillzen (8, II) to the analtyteadi^^ lleBe 
Btahilixers form addocta with sulfite that are not osygen 
aangftiva (12), thm ovarconuiv th9 inherent contradicti^ 
employing analyte solutiona coolaining readily ozidtaable 
sulfite but yrt saturated with oo^nan. Sudi sensing atrategiea 
re^ on di99odati(m ctfthes9 addocta to siqpp^ aidfite for ti^ 
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